Application of exploratory factor analysis to assess fish consumption in a university community
factors. The factors, in turn, are the linear combination of variables (HAIR JUNIOR et al. 2009; FIGUEIREDO FILHO; SILVA JUNIOR, 2010) .
This method comprises of propositions that present a similar trend of statistical correlation (COOPER; SCHINDLER, 2003) . Accordingly, the validation process involves checking the validity of a test and its ability to measure what is proposed (ANASTASI; URBINA, 2000) . It is also a test of accuracy and appropriateness of an elaborate interpretation. In other words, it reports the objectiveness of the test measurements as well as inferences that can be made from the results.
Materials and methods

Sampling and interview structure
During the celebration of "Semana do Peixe" (Fish Week) in 2009, the Study and Extension Group on Technological Innovation and Fish Quality (GETEP), Department of Agroindustry, Food and Nutrition, College of Agriculture "Luiz de Queiroz" (ESALQ), University of São Paulo (USP), conducted a survey of fish consumption with volunteers from the Campus "Luiz de Queiroz".
The subjects consisted of university students (graduates and undergraduates) and staff who, after being made aware of the Term of Consent -TCLE ("Termo de Consentimento Livre e Esclarecido"), responded voluntarily to a structured interview. Data collection was performed by the previously trained GETEP team. This study was approved by the Ethics Committee for Research with Humans, ESALQ-USP protocol 046. There was no public identification of the respondents.
For the interviews, a structured questionnaire was a designed with multiple-choice questions using a 5-point Likert scale (MALHOTRA, 2006) .
The questionnaire was developed based on the literature available that shows obstacles for fish consumption (OETTERER, 2002; TRONDSEN et al., 2003; ZHOU, 2004; HONKANEN; OLSEN; VERPLANKEN, 2005; VERBEKE; VACKIER, 2005; WEI, ZENG, 2005; OLSEN, 2007; BURGER, 2008; SONODA, 2007; MACIEL et al., 2009 ). These points were clustered, and the items in the tool according to a five-point Likert scale ranging from zero (1) to extreme (5) referring to the fish attributes and characteristics of importance for fish consumption. The questionnaire was subjected to analysis by a team of expert researchers in the fish sector and statistics and nutrition areas, who verified the content and structure of the items. After incorporating suggestions, an analysis was carried out with the team of researchers, the questionnaire was applied. The questionnaire was applied to a university community and the invitations were made individually by researchers who presented the aims of the research and the questions of the instrument. The participation was voluntary and individualized. Respondents were free to sign or not the TCLE and provide information. The data were processed using spreadsheet software aiming to build a dataset that was then subjected to statistical analysis. Knowledge about differences in consumer perceptions of health benefits regarding fish consumption is essential for the development of specific health interventions associated with a dietary choice (DIJK et al., 2011) .
Low consumption of fish and fish products, however, is still common in many countries and may be linked to cultural differences (PIENIAK; VERBEKE; SCHOLDERER, 2010), influences of the social environment (TUU et al., 2008) , convenience in preparation (OLSEN et al., 2007) , high prices, and problems in the production chain (OETTERER, 2002) .
The campaign to encourage fish consumption, "Semana do Peixe" (Fish Week), was a project created in Brazil by the Ministry of Fisheries and Aquaculture (MFA) -aimed to increase the consumption of fish and fish products highlighting the benefits that a fish-based diet brings to health in addition to making consumers aware of quality, choice, and preparation of fish (BRASIL, 2010a).
The average of per capita fish consumption in the world is 16.4 kg per year. However, there is a significant difference between the per capita consumption when the countries' economic conditions are considered, for example, 23.9 kg of fish per person/year in developed countries; 27.3 kg in industrialized countries; 11.9 kg in countries with transition economies; 14.4 kg in developing countries, and 13.8 kg in low-income countries facing with food shortages. In South America, the consumption is 8. The apparent per capita consumption is calculated based on data about the national production, which includes imports and excludes exports, and the resulting number is divided by the total population in the country (BRASIL, 2010b).
The complexity to identify fish consumption and the divergence of available data justify the development of sampling tools that are reliable and can be replicated.
The aim of this study was to use the technique of Exploratory Factor Analysis (EFA) for the adequacy of a tool to assess fish consumption and the characteristics involved in this process during the "Semana do Peixe" (Fish Week) in the city of Piracicaba, Brazil, within a university community.
The EFA is a technique of interdependence that provides tools to analyze the structure of interrelationships (correlations) among a large number of variables (HAIR JUNIOR et al., 2009) ; it is widely used in food questionnaires to determine consumption patterns and the items that are interrelated (ALVES et al., 2006) . The main purpose of FA is to reduce a large number of observed variables to a smaller number of In addition, during the extraction stage of variables, the values of KMO tests and Barlett sphericity, the assessment of the KMO test for each variable, the value of communalities, the logical sense between factors, the stability and finally, the best factorial model.
The minimum of 0.50 was used as the acceptable limit of KMO (HAIR JUNIOR et al., 2009) . The values of the four stages of KMO and the communalities of each variable were assessed. In stages with two factors with communalities below 0.50, one item was removed at a time, and the result was checked for the next step.
The analysis of anti-image correlation matrix and commonalities were conducted. The anti-image correlation matrix represents the partial correlations between variables after the factorial analysis, which indicates the level at which factors explain the results to one another (HAIR JUNIOR et al., 2009) . The commonality represents the proportion of variance of each variable included in the analysis (SCHAWB, 2010) .
Rotation analysis
After eliminating the problematic variables associated to the lower level of commonality, an analysis of the unrotated matrix was conducted to observe the factor loadings for each variable and identify the ones that have high factor loadings in multiple components (constructs) (FIGUEIREDO FILHO; SILVA JUNIOR, 2010). The methods used were orthogonal (Varimax, Equamax, Quartimax) and were tested in combination with principal components extraction.
Cronbach's alpha coefficients
The Cronbach's Alpha Coefficients were used to assess the reliability of the scale, i.e., the level at which the measurement is error-free and, therefore, presents consistent results (HAIR JUNIOR et al., 2009 ).
Results
224 volunteers (average age of 23.8 (±6.8) years old) were interviewed. The results of sample characterization were based on their relationship with the university, gender, and marital status.
With regard to the relationship to the university, the majority (77.7%) is represented by undergraduate students (n = 174), 16.5% graduate students (n = 37), 4.5% faculty and staff (n = 10), and 1.3% missing response (n = 3).
As for the gender and marital status, 65.6% are female (n = 147) and 33.9% male (n = 76), and are 88.8% single (n = 199), 9.3% married or in a steady and stable relationship (n = 18), 0.9% divorced (n = 3), and 0.4% widowed (n = 1), and one missing response case.
With regard to the frequency of fish consumption, 37.67% of the volunteers interviewed said they consume the product two or three times a month; 29.6% once a week; 17.05% once a month; 12.11 % two or more times a week and 3.59% reported being non-consumers of fish. The main reasons for not eating
Statistical analysis
Exploratory factor analysis
The responses were coded into the spreadsheet software SPSS 15.0 (Statistical Package of The Social Sciences) and subjected to the descriptive statistical analyses; all variables were tested by the Kolmogorov-Smirnov goodness-of-fit test, which was used to assess data adherence to the normal distribution or of Gauss, EFA, and Cronbach Alpha Coefficient for all constructs derived from the factor analysis.
To understand how the Likert scale variables relate and group to form the constructs, an exploratory factor analysis was conducted. For that purpose, the data were examined according to Hair Junior et al. (2009) The Bartlett test of sphericity is based on the statistical distribution of chisquare and tests the null hypothesis, i.e., no correlation between the variables. Levels of significance greater than 0.100 indicate that the data are not suitable for the treatment with the method in question; in this case, the null hypothesis cannot be rejected.
Extraction analysis
One of the statistical approaches in extracting factors is principal components analysis; the factors with eigenvalues (own values) > 1.0 and factorial loads > 0.4 were used as consideration criteria. The results were also combined with the orthogonal methods of rotation Varimax, Quartimax and Equamax.
The Principal Component Analysis (PCA) was performed in four stages. The extraction process using PCA is used to make combinations uncorrelated to the observed variables (corrigidouncorrelated). The first component has maximum variance. Successive components explain progressively smaller portions of the variance and are all correlated with each other. The EFA is a technique that does not limit to a single solution. Therefore, to perform the analysis, two basic principles were considered in each extraction stage of variables, namely the Parsimonies, which explains the correlations between the observed variables using the smallest number of factors possible, and principle of Interpretability, which preconizes that the factors have a meaning in the context studied, keeping a logical coherence to themselves. and alpha factoring were tested; the method of principal components showed the best results. The exclusion of variables was tested to the best fit point, i.e., the point at which the variance was explained and the adjustment of the load factor was found. Table 2 shows the values of the adjustment stages.
As can be seen in step 1, although KMO showed good indicators, only 58.5% of data variance was explained; ideally it should be above 60%. In this case, the variable "Availability in the usual places of purchase" (0.36) was discarded, and the data were subjected to further analysis.
In step 2, with the removal of the variable "Availability in the usual places of purchase", the value of KMO becomes 0.74, although lower than the previous one, it lies within the acceptable range, and the explained variance increases to 61.79%. However, considering the analysis of the commonalities, there is a low value (0.38) for the variable "packaging". This variable was discarded from the model, and data were subjected to further analysis.
With the removal of the variable "packaging", the KMO value remained 0.74. In this model, the variance is explained at 65.11%, and in the analysis of commonality only the variables, "smell" (0.47) and "nutritional value" (0.49) had values below 0.50. The variable "smell" was discarded, and data were subjected to further analysis.
After the removal of the variable "smell", the KMO was 0.71 and the commonality analysis showed that all variables were above 0.50, and the variance explained was 68.13%, ending, therefore, the method of extraction.
On that basis, the need to calculate the rotation of the variables in relation to the components extracted was identified in order to help visualize the relationship between the variables and constructs. The results showed that the Quartimax method presents the best fit. This extraction method minimizes the number of factors needed to explain each variable and simplifies the interpretation of the obtained variables (HAIR JUNIOR et al., 2009). fish are the fact that they do not like fish (37%) and the difficulty in its preparation (24%).
When asked about their usual place of consumption, 56.76% mentioned their homes and 30.63% restaurants, and 63.06% of the volunteers reported that they eat fish at the university restaurant.
A regular weekly consumption of fish by respondents (41.71%) was verified, which may be attributed to consumption of fish at the university restaurant.
As for fish purchase, the majority (86.22%) said they buy it at supermarkets. Their preference is for the product packed in trays containing few units (44.09%), followed by those who prefer to buy in bulk (40%). Regarding conservation, 65% said they preferred to buy the frozen product.
The results of the responses about frequency were used to analyze the main characteristics that affect the decision to purchase and consume fish ( Table 1 ).
The Kolmogorov-Smirnov test was used to assess data adherence to the normal distribution or of Gauss. This test showed that the value of significance (p) for all variables is lower than 0.001 (p < 0.001), indicating that the data on the samples cannot be considered normal and therefore should be treated with non-parametric methods (STATISTICAL..., 1999) .
Under these conditions, Dillon and Goldstein (1984) and Johnson and Wichern (2000) suggest that the reduction of variables by the factor analysis (FA) method can be used to reduce variables and create factors or variables deriving from linear combinations. However, the mere suggestion of a method cannot be accepted when it comes to analyzing quantitative data; two tests must be considered so that whether to use of the method above mentioned can be decided (HAIR JUNIOR et al., 2009 ). These authors recommend performing the index analysis of KMO and Bartlett´s test of sphericity (BTS).
The use of the EFA allowed defining the constructs and their groupings. The adjustment steps are described below. The extraction by principal components, principal axis factoring, Several studies have consistently highlighted the existence of a group of consumers who are concerned about a broad spectrum of issues ranging from the environment and animal welfare to societal concerns including human rights (SHAW et al., 2005) .
However, it is extremely important to equate fish consumption with product quality; therefore, this study contributed by proposing an instrument with good statistical indicators that can serve as a basis for future research to evaluate fish consumption in different population groups.
The results concerning the place of consumption reinforces the idea that variables such as culture and reference groups determine the fundamental behavior of purchase and consumption of fish (UILDE; FARAH; FLÁVIA, 2002) .
It is important to emphasize the differences between the consumer groups since the understanding and awareness of benefits of fish consumption to health may change the pattern of consumption (DIJK et al., 2011) .
The results of factor loadings and grouping of constructs in the rotation analysis can be seen in Table 3 . The numbers that correspond to factor loadings, defined as the correlation between variables, allow to understand the nature of a particular factor and its variance, i.e., how the variable explains the model (HAIR JUNIOR et al., 2009) .
Although the results presented satisfactory factor loadings (above 0.65) for the variables; the variables of price (0.91) and fish size (0.83) were discarded because during the construction of the factor design they were isolated, i.e., not grouped in any of the constructs, and not correlating with the other variables.
As shown in Table 3 , the factor analysis showed satisfactory factor loadings because they are represented by items with loadings above 0.65, which suggest the quality of interpretation of each factor (PASQUALI, 2005) .
After defining the adjustment that best fits the model (Appendix 1), the Cronbach's Alpha Coefficient test for the entire scale was performed, and the result was 0.72, and values above 0.60 are considered good (HAIR JUNIOR et al., 2009) .
The values of Cronbach's Alpha Coefficient for the constructs quality and consumption were 0.75 and 0.69, respectively, indicating that the proposed scale has good reliability and internal consistency.
Discussion
Assessing food consumption is complex due to the various factors involved. In the case of fish, an extra factor must be taken into consideration -its consumption is estimated according to production costs and based on the number of residents of the area. Such estimate may generate systematic errors considering that fish has considerable weight loss until its consumption, either by excess of liquid or ice in the package due to the processing applied such as filleting or other forms of preparation. Therefore, constructs grouped to assess fish quality based on the results of the rotated matrix were: nutritional value, brand, origin, SIF (Quality Control Stamp), and environment. The variables used to evaluate fish consumption were: flavor, color, and texture.
The results of this study demonstrated that the development of an instrument to evaluate the characteristics involved in the purchase and consumption of fish may help to better understand and propose effective improvements in the production chain of fish taking into account consumer perspectives.
However, consumers tend to be interested in the benefits and method of production of the products they purchase, especially foods (SHAW et al., 2005) .
As for purchase of fish, the results of this study are similar to those found by Harris, Knight and Worosz (2006) corroborating that supermarkets may be preferred because of choice options, environment, and quality inspection trust. Furthermore, supermarkets provide more information about the source, sanitation, and hygiene offering the best food safety guarantee.
Consumers associate food safety with healthy food when buying food products (SHAW et al., 2005) .
As for the convenience of product, previous studies indicated that the perception of convenience and inconvenience of product among consumers has a negative effect on the frequency of fish consumption (RORTVEIT; OLSEN, 2009; OLSEN et al., 2007) .
In the EFA, the isolation of the variables price and size of fish can be justified for corresponding more to characteristics of purchase rather than to consumption, which is not a prevailing characteristic of the subjects studied, mostly students who consume fish at the university restaurant.
Conclusions
The proposed instrument designed in this study and the clustering model used corresponded to the assumptions in the literature concerning problems with the production and marketing of fish in the Brazil, which directly affect the quality of the product.
The use of the exploratory factor analysis technique enabled the understanding of how variables are interrelated. Factor analysis allowed the adjustment of the assessment instrument after the removal of variables with low indicators, namely: "Availability in the usual places of purchase", "packaging", and "smell".
